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BASIC- ABSTRACT: 

The method carries out coating of SOG system inorganic material with Si-H coupling 
over the surface of a semiconductor substrate (1) . This coating configures an 
insulating film (4) . 

Then, the insulating film is subjected to ashing processing using 02 ions, under 
an environment whose pressure is maintained at 40pa or less. 

ADVANTAGE - Enables waterproof insulating film to be formed. Prevents reduction in 
Si-H coupling. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 



[Claim 1] A pressure is 02 in the ambient atmosphere 40Pa or less to the front face of the applied type insulator layer 
above-mentioned after forming the applied type insulator layer of the inorganic system containing Si-H coupling on a substrate. 
The formation technique of the insulator layer characterized by performing processing which used ion as the main-reaction kind. 
[Claim 2] It is 02 in the ambient atmosphere whose pressure is 6.6- 1 3.3Pa on the front face of the above-mentioned applied type 
insulator layer. The formation technique of the insulator layer according to claim 1 characterized by performing processing which 
used ion as the main-reaction kind. 

[Claim 3] A pressure is 02 in the ambient atmosphere 40Pa or less to the wall of the contact hole above-mentioned after Terming 
a contact hole in the above-mentioned applied type insulator layer. The formation technique of the insulator layer according to 
claim 1 characterized by performing processing which used ion as the main-reaction kind. 

[Claim 4] It is 02 in the ambient atmosphere whose pressure is 6.6-1 3. 3Pa at the wall of the above-mentioned contact hole. The 
formation technique of the insulator layer according Fo claim 3 characterized by performing processing which used ion as the * 
main-reaction kind. • . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to formation of the layer insulation layer in the semiconductor device of 

multilayer-interconnection structure, concerning the formation technique of an insulator layer, and is suitable. 

[0002] 

[Description of the Prior Art] In recent years, in connection with high integration of a semiconductor device, the minimum width 
of face of a wiring reaches submicron one, and multilayering of a wiring is also progressing. 

[0003] Although formation of the wiring pattern in a semiconductor device is conventionally performed using a thin film coating 
technology, lithography technique, and etching technique, in order to form a detailed wiring pattern with a sufficient precision in , 
multilayer- interconnection structure, the flattening on the front face of a substratum of a wiring is indispensable. 
[0004] That is, in a manufacture of a semiconductor device, after forming elements, such as a transistor, in semiconductor ■ 
substrates, such as a silicon (Si) substrate, layer insulation layers, such as a diacid-ized silicon (Si02) layer and a silicon-nitride 
(SiN) layer, are formed by C VD on it, and a wiring pattern is formed on this layer insulation layer. Although the layer insulation 
layer formed of this C VD is high-density and being excelled also in the insulating performance, since it is formed in the 
semiconductor substrate and analog of a substratum, in the front face, the irregularity corresponding to the irregularity of the front 
face of a semiconductor substrate appears. For this reason, before forming a wiring pattern, it is necessary to carry out the* • 
flattening of the front face of a layer insulation layer. 

[0005] There is the technique of applying this applied type insulator layer on an irregular semiconductor substrate as one of the 
technique of this surface flattening, using an applied type insulator layer as a layer insulation layer. It divides roughly into this 
applied type insulator layer, and there are a thing of an inorganic system and a thing of an organic system in it. Among these, after 
carrying out the spin application of the raw material liquid made to melt a silanol in water or alcohol on a semiconductor Substrate 
as an applied type insulator layer of an inorganic system, what is called spin-on glass (Spin ON Glass, SOG) layer (henceforth 
"inorganic SOG layer") which can be made to vitrify easily is well known by performing heat treatment. 
[0006] Since it is the layer insulation layer which can perform a surface flattening easily, this inorganic SOG layer has been used 
more widely than the former. However, this inorganic SOG layer has high hygroscopicity, and since many moisture is contained ih 
the layer, when it uses as a layer insulation layer, the following problems produce it. 

[0007] That is, in a manufacture of a semiconductor device, as shown in drawing 19 , the spin application of the inorganic SOG 
layer 104 is carried out as a layer insulation layer on the whole surface so that the 1 st wiring 103 formed through the layer 
insulation layer 1 02 on the semiconductor substrate 1 0 1 may be covered, and after making this inorganic SOG layer 1 04. vitrify by 
heat-treating, the contact hole 105 is formed in this inorganic SOG layer 104 by etching, for example. Next, although the 2nd 
wiring 106 which contacts the 1 st wiring 103 through this contact hole 105 is formed by CVD or the sputtering method, poor 
embedding of the contact hole 105 (for example, occurrence of a void), peeling of the 2nd wiring 106 by aggravation of the -, 
adhesion to the inorganic SOG layer 104, etc. arise by applying heat in this case and emitting moisture to it from the inorganic 
SOG layer 104. 

[0008] Inorganic SOG layer which raised hygroscopicity-proof is developed by including silicon (Si)-hydrogen (H) combination 
for the purpose of a resolution of these problems in recent years. After passing through various processes by inorganic SOG layer 
containing such Si-H coupling, it is important how it leaves Si-H coupling. 
[0009] 

[Problem(s) to be Solved by the Invention] However, when according to this invention person's knowledge the inorganic SOG* 
layer 1 04 containing Si-H coupling is heat-treated at the temperature of 500 degrees C or more or it processes with the medical 
fluids represented by the amine system organic solvent etc., such as a penetrant remover and a developer, the reaction from which 
Si-H coupling in the inorganic SOG layer 104 is cut is promoted by an operation of heat and the catalysis of a medical fluid. For 
this reason, Si-H coupling contained in the inorganic SOG layer 104 decreases, and hygroscopicity-proof gets worse as a result. 
[0010] That is, when the resist and developer which are used in case the contact hole 105 is formed, as shown in drawing 1 9„ a 
penetrant remover, etc. contact the inorganic SOG layer 104, the reaction from which Si-H coupling is cut in this inorganic S0G 
layer 104 will arise, and the hygroscopicity-proof will get worse. For this reason, occurrence of the void in the interior of the 
contact hole 105, peeling of the 2nd wiring 106, etc. occurred, and the reliability of multilayer-interconnection structure was 
reduced. 
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\00 1 1 ] The measurement result after washing according [ accord / the measurement result after an application and heat treatment 
/ drawing 20 / the drawing 20 and the drawing 21 show an example of the measurement result of the infrared absorption spectrum 
of the SOG layer 104, and / drawing 2 1 1 to an amine system organic penetrant remover is shown. Although the absorption peak 
which originates in the wave number [ of 2300cm ]- 1 neighborhood at Si-H coupling is observed by the infrared absorption * 
spectrum of the SOG layer 1 04 after an application and heat treatment as shown in the drawing 20 and the drawing 21 ( drawing . 
20 ), the absorption peak resulting from this Si-H coupling is not observed by the infrared absorption spectrum of the SOG layer 
104 after washing by the amine system organic penetrant remover ( drawing 2 1 ). This shows that Si-H coupling in the SOG layer 
1 04 has almost been cut by washing by the amine system organic penetrant remover. 

[00 1 2] Therefore, the purpose of this invention is to offer the formation technique of the insulator layer which can form the 
insulator layer by which high hygroscopicity-proof is held, after performing processing by medical fluids, such as heat treatment 
and an amine system organic solvent. 
[0013] 

[Means for Solving the Problem] For the formation technique of the insulator layer according to this invention in order to attain . 
the above-mentioned purpose, a pressure is 02 in the ambient atmosphere 40Pa or less to the front face of an application type 
insulator layer after forming the applied type insulator layer of the inorganic system containing Si-H coupling on a substrate. It is 
characterized by performing processing which used ion as the main-reaction kind. 

[0014] A pressure is 02 in the ambient atmosphere 40Pa or less to the wall of a contact hole after forming a contact hole in an 
applied type insulator layer in the 1 operation gestalt of this invention. Processing which used ion as the main-reaction kind is 
performed. 

[00 1 5] It sets to this invention and is 02. At the pressure by which this exceeds 40Pa although the upper limit of the pressure of 
the ambient atmosphere of processing which used ion as the main-reaction kind is below 40Pa (**0.3Torr), it is 02. It is based 
on that a radical serves as a main-reaction kind and the effect of precise-izing of the surface layer of an applied type insulator layer 
becomes is hard to be acquired, and the grounds, - a crack becomes easy to go into an applied type insulator layer 
[0016] It is 02 in order to "prevent nearly completely that hold the hygroscopicity-proof of an applied type insulator layer enough 
highly by precise-ization of a surface layer, and a crack etc. moreover enters in this invention. The pressure of the ambient^ 
atmosphere of processing which used ion as the main-reaction kind is suitably chosen as 6.6-13.3Pa (**0.05 - 0. 1 Torr). * 
[00 1 7] It sets to this invention and is 02. In processing which used ion as the main-reaction kind, it is the so-called hollow * 
cathode (hollow cathode) suitably. The ashing equipment of type is used. For a parvus reason, the big discharge current flows [ an 
electric discharge impedance ] with this hollow cathode type ashing equipment. That is, the density of a plasma is very high and it 
is a lot of 02 on the front face of a processed substrate. Ion carries out incidence. In this case, these 02 Since the energy of ion is 
low, only the surface layer of an applied type insulator layer is made precise. 

[00 1 8] It sets to this invention and is 02. Compared with the ashing equipment of a hollow cathode type [ processing / which 
used ion as the main-reaction kind ], it is 02. Although ion density is generally low, you may use parallel monotonous type; . 
reactive-ion-etching (RIE) equipment. 

[0019] .. 
[Function] A pressure is 02 in the ambient atmosphere 40Pa or less to the front face of the application type insulator layer after 
forming the applied type insulator layer containing Si-H coupling on a substrate according to the formation technique of the 
insulator layer by this invention constituted as mentioned above. By being made to perform processing which used ion as the 
main-reaction kind, the surface layer of this applied type insulator layer can be made precise. For this reason, even if it performs 
processing by medical fluids, such as heat treatment and an amine system organic solvent, after that, the reaction from which Si-H 
coupling in an applied type insulator layer is cut can be suppressed, and a decrement of Si-H coupling can be prevented. By this, 
the hygroscopicity-proof of an applied type insulator layer can be held highly. 

[0020] 1 • 

[Example] Hereafter, it explains, referring to a drawing about the example of this invention. In addition, in the complete-diagram 
of an example, the same sign is given to an identity or a corresponding fraction. ■ ' 

[002 1 ] Drawing 1 - view 8 is the cross section showing the manufacture technique of the semiconductor device by the 1 st 
example of this invention in the order of a process. v ' 

[0022] In the manufacture technique of the semiconductor device by this 1 st example, first, as shown in drawing 1 , the 1 st wiring 
3 is formed through the layer insulation layer 2 on a semiconductor substrate 1 like Si substrate in which elements (not shown), 
such as a transistor, were formed beforehand. 

[0023] Next, after carrying out a spin application on the whole surface, using the inorganic SOG layer 4 containing Si-H coupling 
as a layer insulation layer so that the 1 st wiring 3 may be covered as shown in drawing 2 , this inorganic SOG layer 4 is made, to 
vitrify by performing heat treatment. Temperature of this heat treatment is made into the about temperature from which Si-H 
coupling in the inorganic SOG layer 4 is not cut, for example, 400 degrees C. 

[0024] Next, it is 02 as shown in drawing 3 . By performing ashing processing which used ion as the main-reaction kind, the" 
surface layer of the inorganic SOG layer 4 is made precise ("x" is given to the fraction made precise by this ashing processing.). 
This ashing processing is 02 by hollow cathode type ashing equipment. It carried out for 1 minute on flow rate 1 OOSCCM, RF ' 
power 200W, and conditions with a pressure of 13.3Pa (**0.1Torr). 

[0025] An example of the hollow cathode type ashing equipment used for drawing 9 in this 1 st example is shown. In drawing 9 , 
a sign 2 1 shows a vacuum housing. Evacuation is carried out by the evacuation system (not shown) connected to evacuation • 
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opening 2 1 a, and this vacuum housing 21 is 02 from gas inlet 2 1 b to the interior. Gas introduces. In this vacuum housing 2 1 , the 
hollow cathode 22 which consists of the top electrode 22b of the shape of bottom electrode 22a and a mesh which counters 
mutually and was established is installed. RF power is impressed to this hollow cathode 22. The processed substrate 23 is laid on 
bottom electrode 22a. 

[0026] Next, as shown in drawing 4 , the resist pattern 5 of a predetermined configuration is formed on the inorganic SOG layer 4 
with lithography. In case this resist pattern 5 is formed, although the reaction from which a resist, a developer, water, etc: contact 
the front face of the inorganic SOG layer 4, and Si-H coupling is cut arises, since the surface layer of the inorganic SOG layer 4 is 
beforehand made precise by ashing processing as mentioned above, this reaction is suppressed, therefore the hygroscopicity-proof 
of the inorganic SOG layer 4 does not get worse. 

[0027] Next, it is C2 F6 considering the inorganic SOG layer 4 as reactant gas, using the resist pattern 5 as a mask, as shown in 
drawing 5 . CHF3 It etches by the used RIE method and the contact hole 6 is formed. 

[0028] Next, it is 02 by the hollow cathode type ashing equipment shown in drawing 9 like **♦*. While ashing processing'" which 
used ion as the main-reaction kind is performed and the resist pattern 5 is removed, the surface layer of the inorganic SOG layer 4 
of the wall of the contact hole 6 is made precise. Then, it washes for the purpose of a resist residue, elimination of a polymer, etc. 
using the amine system organic solvent etc. At the time of this washing, although the amine system organic solvent etc. contacts 
the inorganic SOG layer 4 of the wall of the contact hole 6, since the surface layer of the inorganic SOG layer 4 of the wall of this 
contact hole 6 is beforehand made precise by ashing processing as mentioned above, the reaction from which Si-H coupling is cut 
is suppressed and hygroscopicity-proof does not get worse. 

[0029] Next, as shown in drawing 8 , the 2nd wiring 7 which contacts the 1 st wiring 3 through the contact hole 6 is formed by, 
C VD or the sputtering method. As mentioned above, although the case where heat is applied is most in case this 2nd wiring 7 is 
formed, since the hygroscopicity-proof of the inorganic SOG layer 4 is not getting worse, there is no exudation of gas which is 
represented by moisture from this inorganic SOG layer 4, and the failures in the interior of the contact hole 6, such as occurrence 
of a void and peeling of the 2nd wiring 7, are not produced. 

[0030] Drawing 10 , the drawing 1 1 , and the drawing 12 show an example of the measurement result of the infrared absorption 
spectrum of the inorganic SOG layer 4, and show an application of the inorganic SOG layer 4 and the measurement result-'afier 
heat treatment, the measurement result after ashing processing, and the measurement result after washing by the amine system 
organic penetrant remover, respectively. 

[003 1 ] As shown in drawing 10 , the drawing 1 1 , and the drawing 12 , the absorption peak of the wave number [ of 2300cm ]- 1 
neighborhood resulting from Si-H coupling is similarly observed in any after washing after an application and heat treatment of - « 
the inorganic SOG layer 4, and ashing processing and by the amine system organic penetrant remover. This shows that Si-H s " 
coupling in the inorganic SOG layer 4 is not decreasing, after passing through these processes. . . * 

[0032] As mentioned above, it is 02 in the ambient atmosphere whose pressure is 40Pa or less, for example, 1 3.3Pa, at the w.all 
of the front face of the inorganic SOG layer 4 containing Si-H coupling, and the contact hole 6 according to this 1 st example. 
Since ashing processing which used ion as the main-reaction kind is performed, the surface layer of this inorganic SOG layer 4 
and the surface layer of the inorganic SOG layer 4 of the wall of the contact hole 6 can be made precise. For this reason, even if it 
performs processing by medical fluids, such as heat treatment and an amine system organic solvent, behind, it can prevent* Si-H 
coupling in the inorganic SOG layer 4 being cut, and decreasing, and the hygroscopicity-proof of this inorganic SOG layer 4 can 
be held highly. By this, occurrence of the void in the interior of the contact hole 6 resulting from exudation of gas, such as ' *. 
moisture from this inorganic SOG layer 4, peeling of the 2nd wiring 7, etc. can be prevented, and reliable 
multilayer-interconnection structure can be realized. ■ * . 

[0033] Next, the 2nd example of this invention is explained. 

[0034] Drawing 13 - view 18 is the cross section showing the manufacture technique of the semiconductor device by the 2nd 
example of this invention in the order of a process. 

[0035] In the manufacture technique of the semiconductor device by this 2nd example, first, as shown in drawing 13 , the layer 
insulation layer 8 is formed like the manufacture technique of the semiconductor device by the 1 st example, so that the 1 st wiring 
3 formed through the layer insulation layer 2 on the semiconductor substrate 1 may be covered. It is Si02 formed as this layer 
insulation layer 8 by the plasma C VD method which made reactant gas TEOS (Si4 (OC2 H5)). Si02 formed by the layer and the 
plasma CVD method which made the silane (SiH4) reactant gas A layer is used suitably. This layer insulation layer 8 protects the 
below-mentioned inorganic SOG layer 4 from a medical fluid etc., or is formed of the ground for aiming at enhancement of 
adhesion to the substratum of this inorganic SOG layer 4 etc. 

[0036] Next, as shown in drawing 14 , after carrying out the spin application of the inorganic SOG layer 4 containing Si-H * 
coupling on the whole surface, this inorganic SOG layer 4 is made to vitrify by performing heat treatment. Next, the layer 
insulation layer 9 is formed on this inorganic SOG layer 4. It is Si02 formed like the layer insulation layer 8 as this layer 
insulation layer 9 by the plasma CVD method which made reactant gas TEOS (Si4 (OC2 H5)). A layer and SiH4 Si02 formed by 
the plasma CVD method made into reactant gas A layer is used suitably. This layer insulation layer 8 protects the 
below-mentioned inorganic SOG layer 4 from a medical fluid etc., or is formed of the ground for aiming at enhancement pf 
adhesion to the substratum of the 2nd below-mentioned wiring 7 etc. ; 
[0037] Next, as shown in drawing 15 , the resist pattern 5 of a predetermined configuration is formed on the layer insulation layer 
9 with lithography. In this case, since the layer insulation layers 8 and 9 formed in the upper and lower sides of the inorganic SOG 
layer 4 of CVD exist, it can avoid that the medical fluids which trigger the reaction from which Si-H coupling is cut, such as a 
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resist and a developer, contact the inorganic SOG layer 4, therefore the hygroscopicity-proof of the inorganic SOG layer 4 does 
not get worse. 

[0038] Next, it is C2 F6 considering the layer insulation layer 9, the inorganic SOG layer 4, and the layer insulation layer 8 as 
reactant gas, using the resist pattern 5 as a mask, as shown in drawing 16 . CHF3 It etches one by one by the used RIE method, 
and the contact hole 6 is formed. 

[0039] Next, it is 02 by the hollow cathode type ashing equipment shown in drawing 9 like the 1 st example as shown in drawing 
17 . While ashing processing which used ion as the main-reaction kind is performed and the resist pattern 5 is removed, the 
surface layer of the inorganic SOG layer 4 of the wall of the contact hole 6 is made precise ("x ft is given to the fraction made 
precise by this ashing processing.). This ashing processing is 02. It carried out for 1 minute on flow rate 100SCCM, RF power 
200W, and conditions with a pressure of 1 3.3Pa (**0. 1 Torr). Then, it washes for the purpose of elimination of a resist residue or 
a polymer using penetrant removers, such as an amine system organic solvent. At the time of this washing, even if a penetrant 
remover contacts the inorganic SOG layer 4 of the wall of the contact hole 6, since the surface layer of the inorganic SOG layer 4 
of this wall is beforehand made precise by ashing processing as mentioned above, the reaction from which Si-H coupling is cut is 
suppressed and the hygroscopicity-proof of the inorganic SOG layer 4 does not get worse. . 
[0040] Next, as shown in drawing 1 8 , the 2nd wiring 7 which contacts the 1 st wiring 3 through the contact hole 6 is formed by 
C VD or the sputtering method. As mentioned above, although the case where an elevated temperature is applied is most iri'case 
this 2nd wiring 7 is formed, since the hygroscopicity-proof of the inorganic SOG layer 4 is not getting worse, there is no 
exudation of gas which is represented by moisture from the inorganic SOG layer 4, therefore the failures in the interior of the 
contact hole 6, such as occurrence of a void and peeling of the 2nd wiring 7, are not produced. 

[0041] As mentioned above, according to this 2nd example, the aggravation of hygroscopicity-proof by being able to avoid that 
medical fluids, such as a resist and a developer, contact the inorganic SOG layer 4 in a next process, therefore these medical fluids 
contacting this inorganic SOG layer 4 can be prevented by forming the layer insulation layers 8 and 9 in the upper and lower sides 
of the inorganic SOG layer 4 by C VD. Moreover, it is 02 to the wall of thi s contact hole 6 after for min g the contact hole 6 ki the 
inorganic SOG layer 4 like the 1 st example. Since ashing processing which used ion as the main-reaction kind is performed/the 
surface layer of the inorganic SOG layer 4 of the wall of this contact hole 6 can be made precise, and the hygroscopicity-proof of 
the inorganic SOG layer 4 can be held highly. By this, occurrence of the void in the interior of the contact hole 6 resulting frdnj 
exudation of gas, such as moisture from this inorganic SOG layer 4, peeling of the 2nd wiring 7, etc. can be prevented. Reliable 
multilayer-interconnection structure is realizable with the above. 

[0042] As mentioned above, although the example of this invention was explained concretely, this invention is not limited -tp an 
above-mentioned example, and various kinds of deformation based on the technical thought of this invention is possible for jt. 
[0043] For example, in the 1 st above-mentioned example and the 2nd example, although the inorganic SOG layer 4 containing 
Si-H coupling is used as an applied type insulator layer of the inorganic system containing Si-H coupling, as long as it is an 
inorganic system insulator layer containing Si-H coupling, you may use things other than inorganic SOG layer 4. -. ' 

[0044] 

[Effect of the Invention] As explained above, after forming the applied type insulator layer of the inorganic system containing 
Si-H coupling on a substrate according to this invention, To the front face of an applied type insulator layer, a pressure is 02 in 
the ambient atmosphere 40Pa or less. By being made to perform processing which used ion as the main-reaction kind Thcgurface 
layer of an applied type insulator layer can be made precise, after performing processing by medical fluids, such as heat treatment 
and an amine system organic solvent, behind for this reason, a decrement of Si-H coupling in an applied type insulator layer can 
be prevented, and the hygroscopicity-proof of an applied type insulator layer can be held highly. •*' 
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Field 



[Field of the Invention] This invention is applied to formation of the layer insulation layer in the semiconductor device of 
multilayer-interconnection structure, concerning the formation technique of an insulator layer, and is suitable. 
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Technique 

[Description of the Prior Art] In recent years, in connection with high integration of a semiconductor device, the minimum width 
of face of a wiring reaches submicron one, and multilayering of a wiring is also progressing. 

[0003] Although formation of the wiring pattern in a semiconductor device is conventionally performed using a thin film coating 
technology, lithography technique, and etching technique, in order to form a detailed wiring pattern with a sufficient precision in 
multilayer-interconnection structure, the flattening on the front face of a substratum of a wiring is indispensable. 
[0004] That is, in a manufacture of a semiconductor device, after forming elements, such as a transistor, in semiconductor 
substrates, such as a silicon (Si) substrate, layer insulation layers, such as a diacid-ized silicon (Si 02) layer and a silicon-itftride 
(SiN) layer, are formed by C VD on it, and a wiring pattern is formed on this layer insulation layer. Although the layer insulation 
layer formed of this C VD is high-density and being excelled also in the insulating performance, since it is formed in the 
semiconductor substrate and analog of a substratum, in the front face, the irregularity corresponding to the irregularity of the front 
face of a semiconductor substrate appears. For this reason, before forming a wiring pattern, it is necessary to carry out the 
flattening of the front face of a layer insulation layer. 

[0005] There is the technique of applying this applied type insulator layer on an irregular semiconductor substrate as one of the 
technique of this surface flattening, using an applied type insulator layer as a layer insulation layer. It divides roughly into this 
applied type insulator layer, and there are a thing of an inorganic system and a thing of an organic system in it. Among these, after 
carrying out the spin application of the raw material liquid made to melt a silanol in water or alcohol on a semiconductor substrate 
as an applied type insulator layer of an inorganic system, what is called spin-on glass (Spin ON Glass, SOG) layer (henceforth 
"inorganic SOG layer") which can be made to vitrify easily is well known by performing heat treatment. 

[0006] Since it is the layer insulation layer which can perform a surface flattening easily, this inorganic SOG layer has been «sed 
more widely than the former. However, this inorganic SOG layer has high hygroscopicity, and since many moisture is contained in 
the layer, when it uses as a layer insulation layer, the following problems produce it. 

[0007] That is, in a manufacture of a semiconductor device, as shown in drawing 19 , the spin application of the inorganic SOG 
layer 104 is carried out as a layer insulation layer on the whole surface so that the 1st wiring 103 formed through the layer , • 
insulation layer 102 on the semiconductor substrate 101 may be covered, and after making this inorganic SOG layer 104 vitrify by 
heat-treating, the contact hole 105 is formed in this inorganic SOG layer 104 by etching, for example. Next, although the 2nd 
wiring 1 06 which contacts the 1 st wiring 1 03 through this contact hole 1 05 is formed by C VD or the sputtering method, poor 
embedding of the contact hole 105 (for example, occurrence of a void), peeling of the 2nd wiring 106 by aggravation of the '■ 
adhesion to the inorganic SOG layer 104, etc. arise by applying heat in this case and emitting moisture to it from the inorganic 
SOG layer 104. 

[0008] Inorganic SOG layer which raised hygroscopicity-proof is developed by including silicon (Si)-hydrogen (H) combination 
for the purpose of a resolution of these problems in recent years. After passing through various processes by inorganic SOG layer 
containing such Si-H coupling, it is important how it leaves Si-H coupling. 
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Effect 



[Effect of the Invention] As explained above, after forming the applied type insulator layer of the inorganic system containing 
Si-H coupling on a substrate according to this invention, To the front face of an applied type insulator layer, a pressure is 02 in"* 
the ambient atmosphere 40Pa or less. By being made to perform processing which used ion as the main-reaction kind The surface 
layer of an applied type insulator layer can be made precise, after performing processing by medical fluids, such as heat treatment 
and an amine system organic solvent, behind for this reason, a decrement of Si-H coupling in an applied type insulator layer can 
be prevented, and the hygroscopicity-proof of an applied type insulator layer can be held highly. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, when according to this invention person's knowledge the inorganic SOG 
layer 104 containing Si-H coupling is heat-treated at the temperature of 500 degrees C or more or it processes with the medical 
fluids represented by the amine system organic solvent etc., such as a penetrant remover and a developer, the reaction from which 
Si-H coupling in the inorganic SOG layer 104 is cut is promoted by an operation of heat and the catalysis of a medical fluid. For 
this reason, Si-H coupling contained in the inorganic SOG layer 104 decreases, and hygroscopicity-proof gets worse as a result. 
[0010] That is, when the resist and developer which are used in case the contact hole 105 is formed, as shown in drawing 1 9 , a 
penetrant remover, etc. contact the inorganic SOG layer 104, the reaction from which Si-H coupling is cut in this inorganic SOG 
layer 104 will arise, and the hygroscopicity-proof will get worse. For this reason, occurrence of the void in the interior of the 
contact hole 105, peeling of the 2nd wiring 1 06, etc. occurred, and the reliability of multilayer-interconnection structure was 
reduced, 

[00 1 1 ] The measurement result after washing according [ accord / the measurement result after an application and heat treatment 
/ drawing 20 / the drawing 20 and the drawing 2 1 show an example of the measurement result ofthe infrared absorption spectrum 
of the SOG layer 104, and / drawing 2 1 ] to an amine system organic penetrant remover is shown. Although the absorption peak 
which originates in the wave number [ of 2300cm ]-l neighborhood at Si-H coupling is observed by the infrared absorption * 
spectrum of the SOG layer 1 04 after an application and heat treatment as shown in the drawing 20 and the drawing 21 ( drawing 
20 ), the absorption peak resulting from this Si-H coupling is not observed by the infrared absorption spectrum of the SOG layer 
104 after washing by the amine system organic penetrant remover ( drawing 21 ). This shows that Si-H coupling in the SOQ layer „ 
1 04 has almost been cut by washing by the amine system organic penetrant remover. : * 

[00 1 2] Therefore, the purpose of this invention is to offer the formation technique of the insulator layer which can form the 
insulator layer by which high hygroscopicity-proof is held, after performing processing by medical fluids, such as heat treatment 
and an amine system organic solvent. 
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MEANS 



[Means for Solving the Problem] For the formation technique of the insulator layer according to this invention in order to attain 
the above-mentioned purpose, a pressure is 02 in the ambient atmosphere 40Pa or less to the front face of an application type 
insulator layer after forming the applied type insulator layer of the inorganic system containing Si-H coupling on a substrate. It is* 
characterized by performing processing which used ion as the main-reaction kind. • . 

[00 1 4] A pressure is 02 in the ambient atmosphere 40Pa or less to the wall of a contact hole after forming a contact hole in an 
applied type insulator layer in the 1 operation gestalt of this invention. Processing which used ion as the main-reaction kind is 
performed. 

[00 1 5] It sets to this invention and is 02. At the pressure by which this exceeds 40Pa although the upper limit of the pressure of 
the ambient atmosphere of processing which used ion as the main-reaction kind is below 40Pa (**0.3Torr), it is 02. It is based 
on that a radical serves as a main-reaction kind and the effect of precise-izing of the surface layer of an applied type insulator layer 
becomes is hard to be acquired, and the grounds, - a crack becom es easy to go into an .applied type insulator layer 
[0016] It is 02 in order to prevent nearly completely that hold the hygroscopicity-proof of an applied type insulator layer enough 
highly by precise-ization of a surface layer, and a crack etc. moreover enters in this invention. The pressure of the ambient 
atmosphere of processing which used ion as the main-reaction kind is suitably chosen as 6.6- 1 3.3Pa (**0.05 - 0. 1 Torr). * 
[0017] It sets to this invention and is 02. In processing which used ion as the main-reaction kind, it is the so-called hollow , 
cathode (hollow cathode) suitably. The ashing equipment of type is used. For a parvus reason, the big discharge current flows [ an 
electric discharge impedance ] with this hollow cathode type ashing equipment. That is, the density of a plasma is very high and it 
is a lot of 02 on the front face of a processed substrate. Ion carries out incidence. In this case, these 02 Since the energy of ion is 
low, only the surface layer of an applied type insulator layer is made precise. 

[00 1 8] It sets to this invention and is 02. Compared with the ashing equipment of a hollow cathode type [ processing / which 
used ion as the main-reaction kind ], it is 02. Although ion density is generally low, you may use parallel monotonous type' 
reactive-ion-etching (RIE) equipment. 
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OPERATION 



[Function] A pressure is 02 in the ambient atmosphere 40Pa or less to the front face of the application type insulator layer after 
forming the applied type insulator layer containing Si-H coupling on a substrate according to the formation technique of the 
insulator layer by this invention constituted as mentioned above. By being made to perform processing which used ion as the 
main-reaction kind, the surface layer of this applied type insulator layer can be made precise. For this reason, even if it performs 
processing by medical fluids, such as heat treatment and an amine system organic solvent, after that, the reaction from which Si-H 
coupling in an applied type insulator layer is cut can be suppressed, and a decrement of Si-H coupling can be prevented. By this, 
the hygroscopicity-proof of an applied type insulator layer can be held highly. 



[Translation done.] 



12/15/01 11:33 PM 



http7/www4 Jpdl.jpo.go.jp/cgi-bin/tran_web_cgi_elJe 



; * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, it explains, referring to a drawing about the example of this invention. In addition, in the complete diagram 
of an example, the same sign is given to an identity or a corresponding fraction. 

[002 1 ] Drawing 1 - view 8 is the cross section showing the manufacture technique of the semiconductor device by the 1 st 
example of this invention in the order of a process. 

[0022] In the manufacture technique of the semiconductor device by this 1 st example, first, as shown in drawing 1 , the 1 st wiring 
3 is formed through the layer insulation layer 2 on a semiconductor substrate 1 like Si substrate in which elements (not shown), 
such as a transistor, were formed beforehand. 

[0023] Next, after carrying out a spin application on the whole surface, using the inorganic SOG layer 4 containing Si-H coupling 
as a layer insulation layer so that the 1 st wiring 3 may be covered as shown in drawing 2 , this inorganic SOG layer 4 is made to 
vitrify by performing heat treatment. Temperature of this heat treatment is made into the about temperature from which Si-H 
coupling in the inorganic SOG layer 4 is not cut, for example, 400 degrees C. 

[0024] Next, it is 02 as shown in drawing 3 . By performing ashing processing which used ion as the main-reaction kind, the m 
surface layer of the inorganic SOG layer 4 is made precise ("x" is given to the fraction made precise by this ashing processing.'). 
This ashing processing is 02 by hollow cathode type ashing equipment. It carried out for 1 minute on flow rate 100SCCM, RF 
power 200W, and conditions with a pressure of 1 3.3Pa (**0. lTorr). 

[0025] An example of the hollow cathode type ashing equipment used for drawing 9 in this 1 st example is shown. In drawing 9 , 
a sign 21 shows a vacuum housing. Evacuation is carried out by the evacuation system (not shown) connected to evacuation 
opening 2 1 a, and this vacuum housing 21 is 02 from gas inlet 2 1 b to the interior. Gas introduces. In this vacuum housing 2 1 , the . 
hollow cathode 22 which consists of the top electrode 22b of the shape of bottom electrode 22a and a mesh which counters . 
mutually and was established is installed. RF power is impressed to this hollow cathode 22. The processed substrate 23 islaid.on 
bottom electrode 22a. 

[0026] Next, as shown in drawing 4 , the resist pattern 5 of a predetermined configuration is formed on the inorganic SOG layer 4 
with lithography. In case this resist pattern 5 is formed, although the reaction from which a resist, a developer, water, etc. contact 
the front face of the inorganic SOG layer 4, and Si-H coupling is cut arises, since the surface layer of the inorganic SOG layer 4 is 
beforehand made precise by ashing processing as mentioned above, this reaction is suppressed, therefore the hygroscopicity-proof 
of the inorganic SOG layer 4 does not get worse. 

[0027] Next, it is C2 F6 considering the inorganic SOG layer 4 as reactant gas, using the resist pattern 5 as a mask, as shown, in 
drawing 5 . CHF3 It etches by the used RIE method and the contact hole 6 is formed. - ? 

[0028] Next, it is 02 by the hollow cathode type ashing equipment shown in drawing 9 like ****. While ashing processing which 
used ion as the main-reaction kind is performed and the resist pattern 5 is removed, the surface layer of the inorganic SOG layer 4 * 
of the wall of the contact hole 6 is made precise. Then, it washes for the purpose of a resist residue, elimination of a polymer., etc. 
using the amine system organic solvent etc. At the time of this washing, although the amine system organic solvent etc. contacts 
the inorganic SOG layer 4 of the wall of the contact hole 6, since the surface layer of the inorganic SOG layer 4 of the wall of this 
contact hole 6 is beforehand made precise by ashing processing as mentioned above, the reaction from which Si-H coupling is cut 
is suppressed and hygroscopicity-proof does not get worse. 

[0029] Next, as shown in drawing 8 , the 2nd wiring 7 which contacts the 1 st wiring 3 through the contact hole 6 is formed by 
C VD or the sputtering method. As mentioned above, although the case where heat is applied is most in case this 2nd wiring 7. is 
formed, since the hygroscopicity-proof of the inorganic SOG layer 4 is not getting worse, there is no exudation of gas which is 
represented by moisture from this inorganic SOG layer 4, and the failures in the interior of the contact hole 6, such as occurrence 
of a void and peeling of the 2nd wiring 7, are not produced. 

[0030] Drawing 10 , the drawing 1 1 , and the drawing 12 show an example of the measurement result of the infrared absorption 
spectrum of the inorganic SOG layer 4, and show an application of the inorganic SOG layer 4 and the measurement result after 
heat treatment, the measurement result after ashing processing, and the measurement result after washing by the amine system 
organic penetrant remover, respectively. 

[003 1 ] As shown in drawing 10 , the drawing 1 1 , and the drawing 12 , the absorption peak of the wave number [ of 2300cm ]- 1 
neighborhood resulting from Si-H coupling is similarly observed in any after washing after an application and heat treatment of 
the inorganic SOG layer 4, and ashing processing and by the amine system organic penetrant remover. This shows that Si-H 
coupling in the inorganic SOG layer 4 is not decreasing, after passing through these processes. 
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* t0032] As mentioned above, it is 02 in the ambient atmosphere whose pressure is 40Pa or less, for example, 1 3.3Pa, at the wall 
of the front face of the inorganic SOG layer 4 containing Si-H coupling, and the contact hole 6 according to this 1st example. 
Since ashing processing which used ion as the main-reaction kind is performed, the surface layer of this inorganic SOG layer 4 
and the surface layer of the inorganic SOG layer 4 of the wall of the contact hole 6 can be made precise. For this reason, even if it 
performs processing by medical fluids, such as heat treatment and an amine system organic solvent, behind, it can prevent Si-H 
coupling in the inorganic SOG layer 4 being cut, and decreasing, and the hygroscopicity-proof of this inorganic SOG layer 4 can 
be held highly. By this, occurrence of the void in the interior of the contact hole 6 resulting from exudation of gas, such as 
moisture from this inorganic SOG layer 4, peeling of the 2nd wiring 7, etc. can be prevented, and reliable 
multilayer-interconnection structure can be realized. 
[0033] Next, the 2nd example of this invention is explained. 

[0034] Drawing 1 3 - view 18 is the cross section showing the manufacture technique of the semiconductor device by the 2nd 
example of this invention in the order of a process. 

[0035] In the manufacture technique of the semiconductor device by this 2nd example, first, as shown in drawing 13 , the layer 
insulation layer 8 is formed like the manufacture technique of the semiconductor device by the 1st example, so that the 1st wiring 
3 formed through the layer insulation layer 2 on the semiconductor substrate 1 may be covered. It is Si02 formed as this layer 
insulation layer 8 by the plasma C VD method which made reactant gas TEOS (Si4 (OC2 H5)). Si02 formed by the layer and the 
plasma C VD method which made the silane (SiH4) reactant gas A layer is used suitably. This layer insulation layer 8 protects the 
below-mentioned inorganic SOG layer 4 from a medical fluid etc., or is formed of the ground for aiming at enhancement of • 
adhesion to the substratum of this inorganic SOG layer 4 etc. 

[0036] Next, as shown in drawing 14 , after carrying out the spin application of the inorganic SOG layer 4 containing Si-H* ' 
coupling on the whole surface, this inorganic SOG layer 4 is made to vitrify by performing heat treatment. Next, the layer 
insulation layer 9 is formed on this inorganic SOG layer 4. It is Si02 formed like the layer insulation layer 8 as this layer 
insulation layer 9 .by the plasma CVD method which made reactant.gas TEOS (Si4 (OC2 H5)). A layer and SiH4 SiO_2 formed by 
the plasma CVD method made into reactant gas A layer is used suitably. This layer insulation layer 8 protects the 
below-mentioned inorganic SOG layer 4 from a medical fluid etc., or is formed of the ground for aiming at enhancement of 
adhesion to the substratum of the 2nd below-mentioned wiring 7 etc. 

[0037] Next, as shown in drawing 15 , the resist pattern 5 of a predetermined configuration is formed on the layer insulation layer 
9 with lithography. In this case, since the layer insulation layers 8 and 9 formed in the upper and lower sides of the inorganic SOG 
layer 4 of CVD exist, it can avoid that the medical fluids which trigger the reaction from which Si-H coupling is cut, such as a 
resist and a developer, contact the inorganic SOG layer 4, therefore the hygroscopicity-proof of the inorganic SOG layer 4 does 
not get worse. 

[0038] Next, it is C2 F6 considering the layer insulation layer 9, the inorganic SOG layer 4, and the layer insulation layer 8 as 
reactant gas, using the resist pattern 5 as a mask, as shown in drawing 1 6 . CHF3 It etches one by one by the used RIE method, 
and the contact hole 6 is formed. 

[0039] Next, it is 02 by the hollow cathode type ashing equipment shown in drawing 9 like the 1 st example as shown in drawing 
17 . While ashing processing which used ion as the main-reaction kind is performed and the resist pattern 5 is removed, the ^ 
surface layer of the inorganic SOG layer 4 of the wall of the contact hole 6 is made precise ("x" is given to the fraction made 
precise by this ashing processing.). This ashing processing is 02. It carried out for 1 minute on flow rate 100SCCM, RF power 
200 W, and conditions with a pressure of 1 3.3Pa (**0. 1 Torr). Then, it washes for the purpose of elimination of a resist resi'cjueor 
a polymer using penetrant removers, such as an amine system organic solvent. At the time of this washing, even if a penetrant • 
remover contacts the inorganic SOG layer 4 of the wall of the contact hole 6, since the surface layer of the inorganic SOG layer 4 
of this wall is beforehand made precise by ashing processing as mentioned above, the reaction from which Si-H coupling is cut is 
suppressed and the hygroscopicity-proof of the inorganic SOG layer 4 does not get worse. 

[0040] Next, as shown in drawing 18 , the 2nd wiring 7 which contacts the 1 st wiring 3 through the contact hole 6 is formed by 
CVD or the sputtering method. As mentioned above, although the case where an elevated temperature is applied is most in case 
this 2nd wiring 7 is formed, since the hygroscopicity-proof of the inorganic SOG layer 4 is not getting worse, there is no 
exudation of gas which is represented by moisture from the inorganic SOG layer 4, therefore the failures in the interior of the ' 
contact hole 6, such as occurrence of a void and peeling of the 2nd wiring 7, are not produced. 

[0041] As mentioned above, according to this 2nd example, the aggravation of hygroscopicity-proof by being able to avoid that 
medical fluids, such as a resist and a developer, contact the inorganic SOG layer 4 in a next process, therefore these medical fluids 
contacting this inorganic SOG layer 4 can be prevented by forming the layer insulation layers 8 and 9 in the upper and lower sides 
of the inorganic SOG layer 4 by CVD. Moreover, it is 02 to the wall of this contact hole 6 after forming the contact hole 6 in the 
inorganic SOG layer 4 like the 1 st example. Since ashing processing which used ion as the main-reaction kind is performed,, the 
surface layer of the inorganic SOG layer 4 of the wall of this contact hole 6 can be made precise, and the hygroscopicity-proof of 
the inorganic SOG layer 4 can be held highly. By this, occurrence of the void in the interior of the contact hole 6 resulting from 
exudation of gas, such as moisture from this inorganic SOG layer 4, peeling of the 2nd wiring 7, etc. can be prevented. Reliable 
multilayer-interconnection structure is realizable with the above. 

[0042] As mentioned above, although the example of this invention was explained concretely, this invention is not limited to an 
above-mentioned example, and various kinds of deformation based on the technical thought of this invention is possible for it. 
[0043] For example, in the 1st above-mentioned example and the 2nd example, although the inorganic SOG layer 4 containing 
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Si-H coupling is used as an applied type insulator layer of the inorganic system containing Si-H coupling, as long as it is an 
inorganic system insulator layer containing Si-H coupling, you may use things other than inorganic SOG layer 4. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a cross section for explaining the manufacture technique of the semiconductor device by the 1 st example of this 
invention. 

[Drawing 2] It is a cross section for explaining the manufacture technique of the semiconductor device by the 1 st example pf this 
invention. 

[Drawing 3] It is a cross section for explaining the manufacture technique of the semiconductor device by the 1 st example of this 
invention. 

[Drawing 41 It is a cross section for explaining the manufacture technique of the semiconductor device by the 1st example of this 
invention. 

[Drawing 5] It is a cross section for explaining the manufacture technique of the semiconductor device by the 1st example of this 
invention. 

[Drawing 6] It is a cross section for explaining the manufacture technique of the semiconductor device by the 1 st example of this 
invention. 

[Drawing 7] It is a cross section for explaining the manufacture technique of the semiconductor device by the 1st example of this 
invention. 

[Drawing 81 It is a cross section for explaining the manufacture technique of the semiconductor device by the 1st example of this 
invention. 

[Drawing 91 It is the abbreviation diagram showing an example of the hollow cathode type ashing equipment used for ashing 
processing in the manufacture technique of the semiconductor device by the 1st example of this invention. 
[Drawing 101 It is the graph which shows an example of the measurement result of the infrared absorption spectrum of inorganic 
SOG layer after performing application and heat treatment in the manufacture technique of the semiconductor device by the 1 st 
example of this invention. 

[Drawing 1 11 It is the graph which shows an example of the measurement result of the infrared absorption spectrum of inorganic 
SOG layer after performing ashing processing in the manufacture technique of the semiconductor device by the 1 st example of 
this invention. 

[Drawing 121 It is the graph which shows an example of the measurement result of the infrared absorption spectrum of inorganic 
SOG layer after performing washing by the amine system organic penetrant remover in the manufacture technique of the 
semiconductor device by the I st example of this invention. 

[Drawing 131 It is a cross section for explaining the manufacture technique of the semiconductor device by the 2nd example of 
this invention. 

[Drawing 141 It is a cross section for explaining the manufacture technique of the semiconductor device by the 2nd example of 
this invention. . 
[Drawing 151 It is a cross section for explaining the manufacture technique of the semiconductor device by the 2nd example of 
this invention. 

[Drawing 1 61 It is a cross section for explaining the manufacture technique of the semiconductor device by the 2nd example of 
this invention. 

[Drawing 171 It is a cross section for explaining the manufacture technique of the semiconductor device by the 2nd example of 
this invention. 

[Drawing 181 It is a cross section for explaining the manufacture technique of the semiconductor device by the 2nd example of 
this invention. 

[Drawing 1 91 It is a cross section for explaining the manufacture technique of the conventional semiconductor device. 
[Drawing 201 It is the graph which shows an example of the measurement result of the infrared absorption spectrum of inorganic 
SOG layer after performing application and heat treatment in the manufacture technique of the conventional semiconductor 
device. 

[Drawing 211 It is the graph which shows an example of the measurement result of the infrared absorption spectrum of inorganic 
SOG layer after performing washing by the amine system organic penetrant remover in the manufacture technique of the 
conventional semiconductor device. 
[Description of Notations] 
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\ Semiconductor Substrate 
2, 8, 9 Layer insulation layer 

3 1st Wiring 

4 Inorganic SOG Layer 

6 Contact Hole 

7 2nd Wiring 
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